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‘AN IMPORTANT FACTOR IN SPACE PERCEPTION IN THE
R PERIPHERAL FIELD OF VISION

By C E. Fopars, G, RaAND, and C. Hanoy, Johns Hopkins University

"0 Two #nportant reasons may be given for the Ppoor space perception in

o the petigherl field of vision; defective imagery and a pootly developed

Sensoriabh. With reference to the relative importance of these feasons of

factors, the concensus of opinion seems to incline to the latter. In a recent

Paper,’ the belief is expressed that the refractive condition in the peripheral

field can not play an important réle because refractive errors in central vision

_ do not seem to have vety much effect on the space perception in the

petiphetal field. In this opinion the fact seems to be overlooked that as:

compared with central errors of refraction, the errors in the petipheral’

field are so great that not much effect could be expected. They modify the

.. type of error found in the petipheral field, it is true, but clearness of
. - imagery depends upon the amount rather than the type of defect.

It bas beea the purpose of the present experiments to study the refrac-
tive conditions in the peripheral field, One of the reasons for making this
study is the bearing of these conditions on the explanation of the peculiari-

T . ties and anomalies of peripheral space perception. Other important incen-’
EE I tives have been their relation to acuity in the peripheral field; to achromatic
: - 'and chromatic sensitivity in peripheral vision and to the limits of the form
and color fields; their possible relation to defects of imagery in the central
field and to ocular deviations: agd the information which they give as to.

petipheral space perception. ‘

With zreference to the above needs or any needs of practical application,
the attempts that have been previously made to refract the eye for the pe-
tipheral field are unsatisfactory for the following reasons: (2) the methods
used were cither unsatisfactory as to accuracy or so cumbefsome as to ap-

- ‘Accemed for_publication November 29, 1931. From the Research Laboratory
of Physiological Optics, Wilmer Ophthu!mologicd Institute, Johas Hopkins Medi.
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SPACE PERCEPTION IN THE PERIPHERAL FIELD OF VISICN 229

paratus and procedure as to be worthless for practical work; (b) the re-
sults were not expressed in a form that has practical meaning or value:
and (c) the determinations extended but a short distance into the periph-
eral field. A very important part of our purposc in making the study re-
ported in this paper has been, therefore, the dcvelopment of a method that
will permit of determinations in the fmote remote parts of the field, that
will be reasonably satisfactory as to accuracy and feasibility, and that will
give results directly in terms of diopter values.

The two most important factors in the ametropia for the peripheral field
are (1) the effect of the oblique incidence of the rays of light from objects
in the peripheral field on the clearness of the image formed ; and (2) the
effect of size and shape of the eyeball and of anomalies and irregularities
in the conformation of the retina on the distance of the percipient elements
from the nodal point of the ref racting system. With reference to the first
of these factors it will be remembered that clear images are formed by
lenses only when the object to be imaged is located on the principal axis of
the lens. When the object is displaced from the principal axis a distortion
of the image occurs which varies in amount with the angle of displacement
of the object or with the angle of incidence of the light on the lens. In
general, the effect of varying the angle of incidence is that of adding a
weak plus sphere and a strong plus cylinder with its axis at right angles .
to the plane of incidence. The major effect is thus to create a strong astig-
matism. A simple formula for this effect in the two meridians may be ex-
pressed as follows;2

F, = F(u-1) /(s cos b_—cos a)

F, = F cos?a
In these formulas F tepresents the focal length of the lens in question; F,
the focal length in the meridian of least refractive power; F,, the focal
length in the meridian of greatest refractive power; a, the angle of in-
rdence of the light; b, the angle of refraction at the first surface; and y, the
refractive index of the lens. In both mcridians, then, the image is brought
nearer to the lens as the angle of incidence 1ncreases, very much nearer in the
1. -tdian of the oblique incidence and very little nearer in the meridian at
rsz * angles to it. The refractive effect for the ¢ye would thus be a slight
" 1 compounded with a strong myopic astigmatism. The effect on vision
adified, however, by the fact that the distance of the retina from the
e point of the réfracting system decreases rapidly as the distance from

- e
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the foven s nc ased I i greater number of cyes the ¢ffeet of this is o
bring the reina betwien the Tou in the two meridians or to cause a mix.

astigmatism which increascs in diopter value as the periphery of the et
is approached. As will be <tiown later in the paper, however, other types -
eye arc also found, but they do not scem to be of such frequent occucrens ¢

METHOD AND APPARATUS

For the refraction of the cye for the periphéral field a Zeiss paratlex refraction
ometer modited to suit vur purpose was used. Like all the objective methods of re-
fraction, the method use ' with this instrument provides a means of locating the
point ar plose whih ix the auterir of the paic of conjugate foci of the refracting
system of tle eve Ot pasr the fundus s the posterior focus. Also like the other
objective 1octhuds el 1 tion with the ophthalmuscope and with the retinoscope—-
‘the method is cnly dpproxunatcdy correct in principle, ie. the fundus and not the
petcipient elements is tiken as the rosterior focus, The re'ﬂecting surfaces which
make up the fundus cannot be assumed to have the same location as the percipient
elements nor cven to sustain an invariable relation to them in the different parts
of the eye ground and in different eves, The distance between these reflecting sur-
faces and the percipient elements is minute, it is true, but in a refracting system as
powerful as that of the €ye even minute changes of distance in the posterior focus
may become of consequence in the location of the anterior focus. The subjec-
tive methods of refriction alone start with the true posterior focus of the refracting
system. This is one of the reasons why they should be the final court of appeal
in making an accurate refraction.

The subjective method, however, we find, can be used with but indifferent suc-
cess in the peripheral field. Of thé ohicctive methods, that used with the parallex
refractionometer bas thus far heen found by us to be the most satisfactory for this
work,

In brief, the principle of locating the anterior of the conjugate foci of the re-
fracting system of the eye utilized in the Zeiss refractionometer is as follows. At
the principal focus of the objective lens of the instrument is placed a transillumin-
ated test object. The rays of light from this test object are collimated by the lens
and enter the pupil of the eye as a parallel beam. If the eye is emmetropic the
image will be focused on the fundus (approximitely). Likewise when the eye
is emmetropic the light reflected from the fundus will emerge fiom the pupil of
the eye as a parallel beam and will be focused hy the objective lens of the instru-
ment at the position of the test object. In order to be able to cumpare the distances
of the test object and of the image so formed from the ohjective lens of the instey-
ment, the principle of paratlax is used; that is, the line of view of the examiner s
displaced slightly to one side of the prnapal axic of the refracting systen. s
the eye and objective Jens. If the distances of object and image from the objer e
lens are equal, the image will superimpose an the test object and will not be vie e
(emmetropia). If it is nearcr to the lens than the test object, the image will be ~ecs
displaced to one side of the test obrect, the side towards the iHluminating ti0e
of the instrument (myopia): if it is further from the lens than the test obye +, -
it will be seen displaced to the other side, the side opposite the ilhuminating
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ibe of the instrument (hyperopia). In order to provide for the refraction of the
eve in different planes in the examination for astigmatism, the system can be rotated
‘tirough 180 and the determinations made at any position within this range. In
+se the position of the test object and of its image are found not to coincide, the
+ .+ object is moved until exact coincidence is obtained. The vertex refraction can then
» read from a scale which is seen just above the test object. For a more detailed
i xcription of the instrument, the reader is referred to the circular issued by the
~.anufacturer,

FiG. 1. MoDIFIED ZEISs PAKALLAX RIFKACTIONOMFTER

As the instrument 3s placed on the market, it is designed only for refraction at
= center of the field. As modified by us. it tan be used at any point in the hori-
il meridian from the center of the ficld to an cccentricity of 60° temporally
asally. Beyond this point the image reflected from the fundus is too dim to he
mguished. The instrument as modified tor our purpose is shown in Fig. 1,
As seen in Fig. 1, the instrument s mounted on o caurriage provided with ball
» socket casters and made to pivot about @ fixed pont The arde described by
e varriage s graduated in degrees. The pesition of the carnage is tead by means
pointer which is [ocated at the back of the ¢irage in the vertical plane pass-
hrough the principal axis of the optical systeni of the instrument. This pointer
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passes over the gnidusres wai'v Lnoorder that the ey miay be Jocated with pre-
cision 'verticully above the axea poset and thus be at the center of rotation of the
instrument, a small Jisk s oune o the pumt of intersection of the perpendicular
erected at the fixed point w <h - ptacipal axis of the optical system. When the
eye is in position the frot o the < et Jid 1% in contact with this disk, To maintain
the eye in this position, the bsiocer e teyured to bite a mouthbuard in which
the ‘impression ‘ot lus teeth has Frovtonsy Buee nvde aod hardened in wax, The
~disk is then turne.t out of the way,

In order 1 facilitate the locativn of the oye in the dosired position, the mouth
‘board is mouiivd 0 @ rest provided wath up and down, hack and forth, and right
and left adjuiiements. The adpustments are nude by coarse-threaded screws. The
screws for the mght and left and the huck and fusth adjustments are driven by

small wheels; the screw for the vertical adjustment s operated by a large milled

head.

Method of controdiing rxctiom und wocommodation. It is supposed to be possible
to use the instrument both with and without a ¢ycluplegic. Both of these condi-
tions bave been used in this work. The dircctions given in the descriptive circular
referred to above for the refraction of the central field without a cycloplegi¢ are
as follows: The patient is directed ta look into the instrument with the eye under
examination and to fixate the bright clear spot seen in the center of the field.
This is for the control of fixation. For the control of accommodation the test target,
which becomes clearly visible when it is Jocated at the patient’s far point, is always
moved from a position beyond the far point towards the far point. The intention
of this is to cause the patient to relax his accommodation in the interest of clear
seeing. R

We have not found this method o be entirely satisfuactory. More reproducible
results were obtned and results that check betier with the subjective methods of
refraction, by enlisting the aid of the vye not under examination; that s, by the
use of both eyes, better control could be excraised aver both fixation and accommo-
dation. The procedure is as follows. When ‘entral refraction s to be determined,
the eye not under examination is required to look at the smatlest detail it can
disceiminate on a test chart at a distare: of 6 ‘meters. If it is hyperapic or emme-
tropic, it is fogged to 0.50 diopter of myepiz 1o induge relaxation of accommioda-
tion. If it is myopic, it_jis already fogged for distanc, In that case & larger de-
tail to be. diseriminated has to be selected on the fest chart. To guarantee thar the
eye not under examination is taking the ‘same fixation as the eye under examina-
tion when it is lovking at the bright dot at the center of the test ficld, as s
required in the use of the instrument, the test chart is so located that the hrigh
spot is scen at the center of the deétail which serves for the fixation of the eye
not under examination. This satisfies the two esscatial conditions; namely, that the
two eyes are fixating in proper cobrdination and that the eye under exanuratim
is Bxating the bright dot at the center of the test field. In refracting for the pe
ripheral field the eye under examination can not, of course, be caused to ook e
the instrument. In this case both eyes fixate the distant chart whenever pessible
This was possible only from 25° 10 60°, That is, for the range 0° ta 25°, whes the
temporal field was being refracted, the instrument was interposed between o o
chart and the eye undér examination. The fixation then had to be maintained ks rhe

L.
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wiher eye alohe. For the range 0° to 23°, when the nasal field was being refracted;
the instrument was interposed between both eyes and the test chart. In this case
1 the effect of distance was given to the eye not under examination by mounting
sy rlose'in front of it 2 small test letter placed at, nearcr or beyond the principal focus ]
i uf 3 double convex lens, thus causing the rays of light from the lens to epter the
tve parallel, diverging or converging -as desired. Codrdination of fixation for the
zetn position -of the. instrument was secured by locating the object and the bright
; spot in the instrument in such relation that_the test objects presented to the two
5 vyes were seen a5 combined in the median plane. When a cycloplegic was used, the
1 protedure was. the same, with the exception that the fixating eye was not fogged.
With the eyes in position and the Fxation held as described above, the refrac.
i tion of the eye was determined at the center and in the nasil and temporal quadeants of
+the horizontal meridian at inteevals of 3 and 107 out to 60°, At each angle of .
. by wtigomal #0d the vertical planes was
: the mcidence of the Hight and in the
Al plene a¢ right angles to it. The e B detcniinition: wis approximately 0,23
A .diopter in the central ficld and the mid here. i aprtaminiately 0.37-0.50 diopter
% in the far pesiphery where the reflected in feN; W ang e the bugh degrees of astigma-
_tism present; were indistint, Ll ‘ '
A consideration of the cffcct of abliquencss of invidence on the refracting
© powers of a lens would lad onc 10 expect 1 condition of myopia in the
“; plane corresponding to the plane of incidence in case of an emmetropic
»-€ye with its tefracting system symmetrically disposed in relation to the
-2 line to sight; that is, the_cffect of the oblique incidence in- this plane is
that of a strong plus’ cylinder. What the condition would ‘be in the
plane at right angles to the planc of incidence would depend upon two
factors: (a) the effect of the obliqueness of incidence upon the focus in
-4 this plane, which, as already statedd. is° equivalent to that of the addition
1 of a weak plus sphicre; and (b) the shape of the cycball, In praportion
"I as the eye is spherical in shape. the reting from center to periphery is
.4 brought closer to the nodal point of the refracting system. In an emme-
! tropic eye, therefore, with a symmitrical refracting system, onc would ex-
" pect 2 condition of hyperopia in this plane beginming at a point compara-
jtively near the center of the field. At some point in ‘the periphery in this

incidence tested, the refraction. |

4 recoeded, i, the :efmchm . the

RIS

. | center, hypcropic or myopic. In case of 4 suficient amount of myopia at the-
jcenter, a condition of compound myopia might be found in the petiphery
jand similacly a condition of compound hyperopia in the periphery where
strong hypcropia is present in the central ficld. Obviously it is also pos-
“jsible that the shape of the curve of the eyeball from the posterior pole to-

d

o Pe of cye a condition of mixed astigmatism might be cxpected. A mixed .
44 astigmatism might be expected also in case of small refractive £rrors.at the = ...
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wards the cquator may be such as to cause either a compound myopia or
a compound hyperopia even when there s only a slight error of refraction
at the center. In this connection it should be remembered that in case of
such a strong refractive system as is found in the eye, a very small difference
in distance of the retina from the nodal point is sufficient to cause several
diopters difference of myopia or hyperopia as the case may be.

Twenty-one cyes were examined in all, 15 without and 6 with a cyclo-
Plegic. The amount of refractive error at the center varied among these eyes
from 0.25 diopter of astigmatism to several diopters of defect. In general,
the effect of oblique incidence was an astigmatism which was variously
modified in the eyes examined by the distances of the percipient elements
from the nodal point of the refractive system. Classified as to peripheral re-
fraction, 3 types of eye were found. In one type, A, the eye becomes more
myopic in the horizontal plane as the periphery of the retina is approached,

. and more hyperopic in the vertical plane. That is, the curve fepresenting
the refractive errors for the horizontal plane tends downward as the periph-
ety is approached and the curve for the vertical plane tends upward. In all
the cases but one in which there was a high myopic astigmatism (central
refraction), this resulted in a mixed astigmatism in the peripheral field,
the interval of Sturm varying over a considerable range of diopters. In a
second type, B, the eye becomes less myopic in the horizontal plane as the
petiphery of the field is approached and more hyperopic in the vertical
plane; that is, the trend of the curve for both planes is upward. In the cases
studied this resulted in a condition of compound hypetopia in the petipheral
field for eyes that were hyperopic, emmetropic or moderately myopic in the
central field. If strong myopia is present at the center jt is obviously pos-
sible that a compound myapia might result over a greater- part of the
peripheral field. In a third type, C, the condition was asymmetrical, se. a
considerable difference was found in the nasal and temporal halves of the
field. :

The results are shown'in Figs. 2-6. In the charts shown in these.figures

the results for the horizontal plane, the plane of incidence of the light, are.
plotted as a solid line; for the vertical Plane, the plane at right angles to,
the plane of incidence of the light, as 2 broken linc. Degrees of eccentricity
ate plotted along the horizontal codrdinate and diopters of refractive defect
along the vertical cosrdinate. The condition of no refractive defect is rep-
resented by a horizontal line drawn through the center of the chart. Diop-:
ters of hyperopia are plotted above this line along the vertical codrdinate;
diopters of myopia below it. The diopters of hyperopia and myopia are
expressed in terms of the correction needed, + and — respectively. The
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value of the mtorval of Sturm can be read along the vertical cogrdinate 4
corresponding pomnts hetw ven the solid and broken lines.

From the statement of principles already given, it is obvious that th«
shape of the curve drawn as a broken line is determined dominantly by the
shape of the eyeball or by the distance of the percipient clements from the
nodal point of the refractive systenn: That is, this curve represents the re
fraction in the vertical plane at the various points examined and the re.
- fraction in this plane is not strongly affected by the angle at which the
examination is made. The shape of the curve drawn as a solid line, however,
is strongly affected by the angle at which the examination is made. This
cusve repfesents the refraction in the horizontal plane, the plane of oblique
incidence; and the cffect is, as already stated, to bring the focus progres.
sively nearer to the nodal point of the refracting system as the angle at
which the examination is made is increased. The former curve thus informs
us, roughly at least, as to the symmetry of conformation of the retina;
and the latter, together with its relation to the former, gives us informa-
tion as to the symmetry of action of the refracting system.

In Fig. 2 are shown results for 6 cyes of the class we have called Type A.
These eyes all have only a slight refractive error at the center. It will be
noted that in general the defect in the vertical plane, the amount of which
is shown by the displacement of the broken line from the line of reference
or zero line, is much smaller than the defect in the horizontal plane, shown
by the displacement of the solid line. That is, the defect due to the oblique-
ness of incidence of the light on the refractive system is greater than the
defect due to the progressive approach of the retina to the nodal point as
the distance of the point under examination from the center of the field
becomes greater. In short, in most cases much the greater part of the interval
. of Sturm is due to the astigmatism of oblique incidence. Some asymmetry

will be noticed also in Case 6 but not enough to warrant placing it in the
class which we have called Type C. !

In Fig. 3 are shown the results for 6 eyes also of the class we have called
Type A. These eyes have, however, a much more pronounced ertor of re-
fraction at the center. The following points may be noted in connection
with the results for this chart: (a) the curves are less regular; (b) the
temporal and nasal halves of the curves are Jess symmetrical—Case 8, for
examnple, shows so much asymmetry as to deserve, perhaps, to be classed as
Type C; and () the point at which the mixed astigmatism begins is farther
from the center of the field than is the case in Fig. 2—that is, a smaller pro-
portion of the ficld catties a mixed astigmatism and a greater proportion a
compound myopic or a compound hyperopic astigmatism. In Case 10, a-
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FiG. 4. REFRACTION OF PERIPHERAL FIFLDS oF Vision ror Eves oF Tyre B

Five have only a slight error of refraction at the cénter, one has a pronounced error.
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compound myopic astigmatism with the greater myopia in the vertical
meridian, the curves for the two meridians cross at approximately 20° to
25° from the center of the field; i.e. beyond these points the eye becomes
more myopic in the horizontal planc and less myopic in the vertical plane,
but it retains a compound myopia as far out as the examination was made.
The astigmatism changed, however, from compound myopia with the rule
to compound myopia against the rule.

In Fig. 4 are shown the results for 6 eyes which belong to the class we
have called Type B. The characteristic defects in the peripheral field for
these eyes arc compound hyperopia and compound myopia. Four of the
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Fic. 5. COMPARISON OF THE RESULTs OF TiE EYES OF Tyres A anp B
The chart at the left shows the average refriction of the eye for the peripheral

- field for 6 eyes of Type A having only a slight error of refraction at the center;
- that at the right, the average refraction for the petipheral field for 5 eyes of Type B
‘ having only a slight error of refraction at the center.
eyes have a slight refractive error at the center of the field and two a more
pronounced error. As is shown in the chart. a striking feature of these
cases is the smallness of the interval of Sturm in the peripheral field. In
Type A the general trend of the curve for the vertical plane from center
towards periphery is upward and of the curve for the horizontal plane
downward. This gives a progressivcly increasing value to the interval of
Sturm: from center towards the petiphery. In the cases of Type B, however,
the trend of both curves from center towards the periphery is upward,
the trend for the curve for the horizontal plane being less sharply upward.
There is thus an interval of Sturm, but it is of smaller valuc than for the
cases of Type A. It would appear that the astigmatism of incidence does
not play proportionately so strong a réle in the eyes of Type B as it does
~ in the eyes of Type A, ‘
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In the left hait of Fog. « age given curves showing the average of the re-
sults in the nasai and temporal halves of the ficld for 6 cases of the class
we have called Type A We han selected for this average only the cases
which have a slight defect in refraction in the central ficld. This chart shows
a slight asymmany 20 in the nasel half of the field there is a greater
amount of myuopia 1n the horizontal planc and a greater amount of hy-
peropia in the vertical plane than there is in the temporal half of the field.
In the right half of Fig. 5 are given average curves for the nasal and tem-
poral halves of the fields for 5 of the cases we have called Type B. We have

~selected for the average curve here, also, the cases which have only a slight
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FIG. 6. REFRACTION. OF THE PERIPHERAL FIELDS OF VISION FOR EvFs or Typg C

These three eyes show marked asymmetry in the refraction of the nasal and temporal
halves of the field, :

defect of refraction in the central field. The average curves for the two
halves of the ficld show less asymmetry, perhaps, than the curves in the
left half of Fig. 5. Here too a greater refractive defect is shown in the
nasal than in the temporal half of the field. .

In Fig. 6 are shown the results for 3 eyes of the class we have called
Type C. These cases, which show a pronounced difference in the two
halves of the field, suggest (a) that the lens may not be symmetrically posi-
tioned with reference to the anterior-posterior planc of the eye; (b) that
there may be asymmetry in the shape of the nasal and temporal halves
of the eyeball in the meridian examined or a difference in the distance of
the petcipient clements from the nodal point of the refracting system in the
two halves of this meridian from any cause whatsoever; or (c) that there
is a combination of these two conditions, In the three cases shown in Fig. 6
4 pronounced asymmetry was found in the refractive condition of the
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temporal and nasal halves of the field and in one of these, Case 21, the
asymmetry may sustain a causal relation to the ocular deviation which was
found to be present. In the other two cases the character of the asymmetry
is not such as to lead one to suspect any considerable effect on the muscle
balance of the two eyes.

An inspection of Case 19 of this. chart shows little asymmetry for re-
fraction in the vertical plane; that is, the two halves of the curve for this
plane (the broken line) show little difference in shape. For the refraction
in the horizontal plane there is, however, a great deal of asymmetry. Largely
because of the asymmetry in refraction in the horizontal Plane there is also
a pronounced asymmetry in the interval of Sturm in the two halves.of the
field. Under test this case showed practically no muscle imbalance.

An inspection of the chart shows no reason for expecting a muscle im-
balance, so far as the refractive situation, central and peripheral, is con-
' cerned. That is, the eye is nearly emmetropic at the center of the ficld and
no deviation in either dircction could be expected to improve the refractive
condition. The cutves for this eye would seem to indicate a-fairly sym-
metrical eyeball in the meridian under examination but an asymmetrical re-
fracting system. The general shape of the curve for the refraction in the
horizontal plane is such as might be expected for a lens rotated or tilted
towards the temple. That is, the focus for objects in the nasal field is shorter
than for objects in the temporal field as would be the case if the angle of
incidence of light on the lens from objects in the nasal field was greater than
from objects in the temporal field.

Case 20, Fig. 6, shows a pronounced asymmetry of the nasal and tem-
 poral halves of the field, but it appcars to be an asymmetry due to a very
considerable extent to the elongation of the eyeball in high myopia. An
inspection of the curve representing the refraction in the vertical plane,
the curve the shape of which is dominantly influenced by the shape of the
eyeball, shows the maximum of myopia at about 15° to the nasal side of
the center of the field or at a point on the retina about 15 ° to the temporal
side of the fovea. The diopter valuc of the myopia here is about 7.25, at
the center of the field it is 6. From the point of maximum value the curve
rises more sharply towards the nasal than towards the temporal side of the
field. However, at corresponding points in the two fields the myopia is
greater in the nasal than in the temporal ficld. Tt is interesting to compare
the shape of this curve with the shape of the cyeball in high myopia as is
shown by the cross section of the eychatl given in Fig. 7. In the horizontal
plane the value of the myopia at the center of the field was 5.5 diopters; at
35° it reached a maximum in the nasal ticld of 11.5 diopters; at 45° in the 7
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nasal field it was 9 diopters and at 55°, 1.5 diopters. In the temporal field the
value of the myopia at 30° was 5.5 diopters and at 45°, 2.5 diopters. A
éomparison of the shape of the two curves and of the interval of Sturm in
the temporal and nasal ficlds indicates an asymmetry in the refracting sys-
tem as well as in the shape of the eyeball, such as might be produced by
a rotation or tilting of the lens towards the temple. The test both with the
Maddox rod and with prisms shows 10 prism diopters of exophoria. When.
fixation was taken with the right eye alone, a deviation of 20° towards the
temple was shown. Mecasurements of the cornea showed no asymmetry and
the value of the curvature in both meridians fell within the normal range.

Fi6. 7. CROSS-SECTION OF A Myoric EYE HAVING AN AXIAL LENGTH OF 28 MM,
(From Fuchs: Texthook on Ophthalmology)

The color fields for red and blue, 17 stimuli, showed a contraction in the
upper half. The ficld for 1° green was very small. The ocular deviation in
this case was probably due to the high degrec of myopia. Refractive asym-
metry appatently had little or nothing to do with it. This may be inferred
from the fact that when the myopia for the center of the field was cor-
rected, the deviation practically disappeated and by the fact that a devia-
tion of the eye ecither toward the temporal or the nasal side could not have
becn expected to render any very effective service in dlearing up the defective
imagery. '

An inspection of Casc 21, Fig. 6, left eye, shows asymmetry in the curves
for both the vertical and horizontal plancs. At the center of the field there
was a high compound hyperopic astigmatism, 3. diopters in the vertical and
4.5 in the horizontal plane. In the nasal ficld in the vertical plane there was
little change in’the hyperopia as far from the center as 50°, In the tem-
poral field it had decreased to 0.5 diopters at 25 and was 1 diopter at 50°.
In the nasal field in the horizontal plane it decrcased to zero at 359; and at
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50° there was 4.5 diopters of myopia. In the temporal field the hyperopia
decreased to zero at 35°; and at 50° there was 7 diopters of myopia, just
twice the amount present at the corresponding point in the nasal field. It is
significant to note that the nearcst approach to emmetropia in the eye came
at 25° from the center in the nasal ficld. The defect here was 0.5 diopter
of simple hyperopic astigmatism.

The vision in this eyc was 207200 and could not be improved sub-
stantially by cotrection. The patient stated that priot to 15 years ago there
was, so far as he knew, no vision at all in this eye. An examination for
central scotoma gave negative results. That is, while the test object was scen

Fi6. 8. BLIND-SPoT AND FIXATION-POINT FOR CASE 21
»

vaguely at the center it was scen equally clearly there and in the field sur-
rounding the center for 15 degrees to 20 degrees in all directions. A test
with the Haitz charts showed that when both eyes were open the vision in
this eye was entirely suppressed. When the right eve was closed, however,
the figure for the left eye in the chart was scen. When both eyes were open
there was no observable deviation in cither eye; but when the right eye
was closed the left immediately turned inwards and took a fixation ap-
proximately 25° from the median planc. It will be remembered from Fig.6
that the nearest approach to emmetropia in the left cye was at an eccentricity
of 25° in the temporal field. When using this cye alone, the patient ap-
parently turned the eye inwards about 25° in order that objects in front
should be in the line of the least refractive erroc and the clearest image be
formed on the retina. '
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In the course of the  vanaanon of the ¢y the blind spot was mapped
on the tangent wraen or b Forree Rand perimeter with a 0.5° white

stimulus-object wn a fiwk ba kground. With the eye turned towards the
center of the arc of the perimetor, the fixation-obyect could not be seen with
sufficient clearncss to give a -itisiactory control of fixation. In order to
secute a corrext hixative, tic b cve was lined up by means of the tele-
scope inserted in the Lollow axle or the perimeter. A large fixation-cross,
3 em. in diam.. was moved t inporally along the horizontal meridian to the
point at which it could be seen most ceatly. The highest visibility was at-
tained at a puint pproximately 25° from the center of the arc. This, it
wil be remctobered, was the point in the field at which there was the
smallest error refraction, 0.5 diopter simple hyperopic astigmatism. With
the fixation-object at this point a faiely satisfactory control of fixation was
secured and a map of the blind-spot was made. The location of the fixation-
object and the map of the blind-spot are shown in Fig. 8.

A phenomcnon of very great theoretical and practical interest observed
during the course of the work may be noted here. During the carly part of
the work of the examination at the different point in the peripheral field was
made by taking an eccentric fixation, the instrument remaining stationary.
One of the rcasons for abandoning this method of working was the fact
that when the fixation was held for any appreciable length of time, the
eyes of the class we have called Type A developed an increased myopia in
the horizontal meridian with a corresponding decrease in the hyperopia
for the vertical meridian. With prolonged fixation this change in some -
cases amounted to as much as 2.5 diopters. A similar tendency in the same
direction was shown also by cyes of the class we have called Type B.
Further, when the method was changed and a far fixation was taken in the
median plane—the examination at the peripheral points in the field being
made by rotating the apparatus about the fixed point described in the meth-

~od of working—the phenomenon was stilf present in some eyes but to a
lesser degree. There scem to be two possibilities of explaining the phe-
nomenon: (a) a change in the convexity of the lens. and (b) the pos-
sibility that as the fixation js prolonged the muscles of the eye gradually
producc an clongation of the eycball.® The first of these explanations does
not seem plausible because the rendering of the cye myopic by a change in

*It is assumed here that the eves are under considerable pressuge from the ex-
ternal muscles in a prolonged eccentric fixation, the amount depending upon the
“degree of eccentricity. It is also assumed that they are under some pressure in taking
and holding far fxation in the median plane; that is, when relaxed and freed from
all incentives to adjustment i i i i
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the focus of the lens woulq Operate against ¢he clear seeing of the fixation.
object. This would be ip OPposition to one of the eye’s strongest refleyx
incentives; Namely, the adjustment of its refracting Mechanism to produce
the clearest possible vision ; while the &radual elongation of the eyebal}
because of the Pressure excrieq by the cxterna) muscles i Maintaining fix.
tion, falls entirely outside the reflex ang is unavoidable, '

of accommodation and wig, the ability of certain aphacic €Yes to see near
objects with the Same correction that g used for secing distant objects,

SuMMagry AND Cow.cx.usxozvs

(1) The refraction of the eye in the tempora] and nasal peripherg| field
as far out a5 oo has been studied by means of a Zejgs rcfradionometer

field), this fesulted jp 5 mixed astigmatism jn the periphera field, the

interval of Sturm varying over 4 considerable Tange of diopters, In Type
" B, the eye becomes fess myopic in the horizontal Planc and more hyperopic
in the vertical planc. This results i 4 coundition of compound hyperopic
astigmatism jn the peripheral field 1o, eyes that are hyperopic, emmetropic
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and moderately myopic in the central field. If there is strong myopia at the

center of the ficld, it is obviously possible that a compound myopic astig
matism might result over the greater patt of the peripheral field, weaken-
ng in amount as the periphery is approached. In Type C, the refractive

condition is asymmetrical for the nasal and temporal halves of the field.

- The gencral trend of this asymmetry, as the periphery of the field is ap-
proached, is towards greater myopia and less hyperopia for one half of the
field than for the other half,

(3) As fisation was prolonged, a tendency toward myopia was found ;
that is, if by e tpic, the cye tended to become fess hyperopic; if emmetropic,
it tended to become myopic; and if myopic, more myopic. This change was
found to take place in all the cyes examined when an eccentric fixation
was taken; also for some cyes when a far fixation was taken in the median
plane. Further, the change was found to take place whether the examination
was made with or without a cyclaplegic. Two points of interest may be
noted in connection with this phenomenon: (a) there is a bearing on the
possibility that 2 permanent elongation of the eyeball may be produced
by the pressure of the muscles, one of the theories of the cause of myopia;
and (b) the phenomenon suggests that a temporary elongation may be pro-
duced in some eyes, presumably due to the action of the external muscles.
This is of interest in connection with theories of accommodation and with
the ability of some aphacic eycs to see near objects with the same correction
that is used for seeing distant objects.

(4) The following additional points may be noted: (a) the important
relation which the refractive conditions in the peripheral field sustain to
acvity in the peripheral field, to achromatic and chromatic sensitivity in
peripheral vision and the limits of the form dnd color fields, and to the |
anomalies and irregularities in peripheral space perception. The conditions
for the formation of an image are so bad for objects in the peripheral
field that one can only marvel-that peripheral vision is as good as it is, and
that the peripheral portions of the retina should have attained as high a.
development as they have.

(b) The possible bearing of asymmetrical refraction in the peripheral

field on the cxplanation of cases in which central vision can not be sub-
stantially improved by correction in cyes which show no central scotoma.

(c) The réle which asymmetrical refraction may play in cases of ocular
deviation and the bearing that the demonstration of such a condition may
have on the treatment of the case. '

(d) The possibility of determining roughly the conformation of the
retina and the shape of the posterior half of the eycball by refracting the eye
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for the peripheral field; also of determining within rather wide limits
in cases of refractive asymmetry whether the defect is in the refracting sys-
tem, or in the conformation of the retina, or in both.

(¢) The possibility and Comparative practicability of ‘using the Zeiss
reftactionometer, modified as described in this papet, for studying the re-
fractive conditions in the peripheral field and in testing for refractive asym-
metry. To give the instrument maximum serviceability for this purpose,
however, a further modification should be devised to make the examination

the power of vision in general in émetropic €yes; (2) the power of vision
in the peripheral field; (3) the power of seeing objects nearer and farther
than the fixation-point ; (4) the contention by Ames and Gliddon that the
actual accommodation distance in viewing objects does not coincide with
the apparent accommodation distance ;¢ (5) the power which some aphacic
eyes have of seeing objects at all distances with the same pair of glasses;
(6) the effect of increase of intensity of illumination on acuity and the

‘A. Ames, Jr, and G. H. Gliddon, Ocular measurements, Traws. Amer. Med.
Assoc., Section on Ophrh., 1928, 102-1¢69,. - . )




